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This study presents a new pipeline to identify large sequence insertions (LSIs)
15 >500 bp with a relatively small amount of sequence data (~20x), compared with the G.
16 max reference (Williams 82). We used wild soybean (G. soja) as a target sample for LSI 17 identification due to its higher genetic distance from the reference genome than that of 12 Prediction of insertions using Pindel, BreakDancer, and ScanIndel
13
To compare the LSIs identified by our approach, three SV prediction tools, Pindel 
Results

LSI prediction approach
21
Our approach for LSI prediction in soybean uses two independent de novo 22 assembled contigs with medium-coverage paired-end read sequence data from four G.
1 contigs (Fig. 1) . The other assembly, using reads with both ends unmapped, resulted in 2 orphan contigs, indicating the presence of LSIs in the G. soja genotypes (Fig. 1) . To 3 improve the reliability of LSI prediction, we applied three stringent filtering steps (a to c 4 in Fig. 1 ). The first condition is that the full length of the orphan contig should map within 5 an ordinary contig with 100% identity when only orphan contigs of ≥2 kb are BLASTed 6 against ordinary contig data (Fig. 1a) . The second condition is that both tails of the 7 ordinary contigs flanking the orphan contig should be aligned on the same chromosome 8 of Wm82.a2 in the same direction (Fig. 1b) . For the first and second steps, we used 9 BLASTN with an e-value of 1e -100 . The third filtering step was performed to predict the 10 breakpoints of LSI on Wm82.a2 and to remove false positives (Fig. 1c) (Table S5 ). The maximum insertion sizes detected by Pindel, BreakDancer, 13 and ScanIndel were 82, 254, and 2,212 bp, respectively (Table S5) (Table S5) . (Table S6) . To identify LSIs using significantly less sequence data, we developed a hybrid 9 approach that combines de novo assembly and resequencing (Fig. 1) . In three G. soja 10 genotypes, CW12, CW14, and KW4, 24 reliable LSIs were detected through further 11 stringent three-step filtering to remove false positives (Fig. 1 , Table 2 ). In KW5, no LSI 12 was detected using our pipeline (Fig 1, Table 2 ). The numbers of orphan reads and 13 orphan contigs from KW5 was fewer than those of CW12, CW14 and KW4 (Table S4, 14 Table 1) , and most of KW5 orphan contigs were filtered out at the second filtering step 15 (Fig. 1b) , which removed ordinary contigs harboring orphan contigs aligned to the 16 Wm82.a2 in different directions such as inversion. The polymorphisms of LSIs, both 17 presence-absence variations (PAVs) and size differences between the G. soja 18 genotypes and the G. max reference (Williams 82), were validated by PCR (Fig. S2 Fig.   19 S3, Fig. 4 ).
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The identified LSIs were compared with the SVs predicted by three computational 21 tools, Pindel, BreakDancer, and ScanIndel. The insertions shorter than 200 bp called by 22 these programs were highly predominant over larger insertions (Fig. 3) (Table S6) . It indicates higher 3 specificity of our pipeline to the prediction of large insertions over 500 bp than three 4 other SV prediction tools. In Arabidopsis and foxtail millet, large number of SVs were 5 predicted using these resequencing-based computational tools, but most of them were 6 indels shorter than 100 bp (Bai et al. 2013; Santuari et al. 2010 ). In soybean, de novo 7 assembly strategy has been applied to discover PAVs over 500 bp between G. soja Table S5 ), further novel 16 gene contents were identified within the LSIs (Table 2 ). Even though we filtered out 17 orphan contigs shorter than 2 kb in the pipeline, because the orphan contigs contained 18 not only inserted sequences but also sequences from Wm82.a2 on both their ends, the 19 LSIs shorter than 2kb could be predicted in our pipeline.
The identified LSIs were widely distributed throughout the soybean genome, and 
13
In silico gene prediction revealed that three LSIs, LSI04, 07, and 21, contained the 14 genes encoding a member of the LRR family, a pseudouridine synthase, and a 15 ribonuclease H protein, respectively ( Table 2 (Fig. S1) . No significant functional 4 domain or signal peptide was detected by in silico analysis of the missing amino acids.
5 Meanwhile, we found that 6 of the 29 G. soja accessions and 1 of the 34 G. max 6 accessions contained the LSI05 fragment (Fig. 4) Tables   Table 1. Summary of statistics of ordinary and orphan contigs generated using total reads and reads with both ends unmapped, respectively, in four G. soja genotypes. used in this study. Two independent de novo assemblies were conducted using total read set and reads with both ends unmapped, yielding "ordinary contigs" and "orphan contigs", respectively. Three filtering steps (a to c) were used to identify LSI candidates.
The numbers of contigs satisfying the conditions for each step are shown in three tables.
Step (a) retrieved ordinary contigs containing a full-length orphan contig with 100% identity in the mid-region.
Step (b) ensured that both tails of an ordinary contig harboring an orphan contig are anchored to the G. max reference genome.
Step (c) eliminated LSI artifacts located in unsequenced regions of the reference genome and selected only LSIs candidates supported by multiple reads with low mapping quality at the breakpoints due to mismatches. D r a f t Fig. 1 . Schematic workflow of the large sequence insertion (LSI) prediction approach used in this study. Two independent de novo assemblies were conducted using total read set and reads with both ends unmapped, yielding "ordinary contigs" and "orphan contigs", respectively. Three filtering steps (a to c) were used to identify LSI candidates. The numbers of contigs satisfying the conditions for each step are shown in three tables.
Step (c) eliminated LSI artifacts located in unsequenced regions of the reference genome and selected only LSIs candidates supported by multiple reads with low mapping quality at the breakpoints due to mismatches.
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